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Si.csrely ,

h a d  JAMISG.
As stat ed C.l... l, Cerpi of Psgin.er.

District isginser

Copies furnished:
Dick C. i.f. , P.R., Deputy Director

( Division of Vstsr lsssurc s
I • 3, Dept • St RuiIae. .3tal Protection V
P. 0. lan ~~~29
Trenton, *3 05625
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PsiS St P1n.d Plain lIsna at
Division St Water lsssurcos
1. 3. Dept . of bvirs ..tal Protection
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MUNSON DAN (11300115)

CORPS OP ENGINEERS AS~E33ME1~ OP GENERAL CONDITIONS

This den ves insp.cted on 10 Je.uary 1979 by Louis Iergsr and Associatoa ,
Inc . under contract to the State of New Jersey . The stats ,
under agr.s nt with the U. S. Arey Engineer District, Philedsiphia,
had this inspection psrfornsd in accordance with the National Ru Inspection
Act, Public L p2—367.

M sos Ru , initially listed as a high hazard potential structure but
reduced to a low hazard potential structure as a result of this iaspsc—
tion , is judged to be in good overall condition and the spillusy is con-

• sidered adequate. Th. l.~ hazard potential classificat ion us.’ that In
the event of failure of the dan , no loss of h f .  sad oiit~ ainiasi scono.ic
loss is expected . Rued on the da. s overall conditios and hazard class—
ifi cation, no r.usdial actions are r,co snded at this ties.

~ I!S C.( Colossi, of isginesre
District lngiass~

DATE: & / f7~
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~1VI PHASE I REPORT
NATIONAL DAM I NSPECTI ON PRO GRAM

Name of Dam Munson Dam Fed IDI NJ 00118

State Located New Jersey
County Located Sarem
Coordinates Lat. 3938.7 - Long. 7530.4
Stream Salem River (Salem Canal )

• Date of Inspection 10 January 1979

ASSESSMENT OF
GENERAL CONDITION S

Munson Dam is assessed to be in a good overall structural
condition and it is recommended to be downgraded to a
low hazard category . Overtopping of the dam would not
significantly increase the danger of property damage .
No detrimental findings were uncovered to merit further
study , either of a structural or hydraulic nature .
The combined spiliway capacities of Munson and Brown
Dams (which jointly impound the reservoir) are adequate
to accommodate the 100—year design flood.

Project er
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PRF.FACE

This report is prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams ,
for Phase I Investigations . Copies of these guidelines
may be obtained from the Office of Chief of Engineers ,
Washington , D.C. 20314. The purpose of Phase I Investiga-
tion is to identify expeditiously those dams which may
pose hazards to human life or property . The assessment of
the general condition of the dam is based upon available
data and visual inspections. Detailed investigation , and
analyses involving topographic mapping, subsurface inves-
tigations , testing , and detailed computational evaluations
are beyond the scope of a Phase I investigation ; however,
the investigation is intended to identify any need for
such studies.

I~t reviewing this report, it should be realized that thereported condition of the dam is based on observations
of field conditions at the time of inspection along with
data available to the inspection team. It is important
to note that the condition of a dam depends on numerous
and constantly changing internal and external conditions,
and is evolutionary in nature. It would be incorrect to
assume that the present condition of the dam will continue
to represent the condition of the dam at some point in
the future . Only through continued care and inspection can
there be any chance t1~~t unsafe conditions be detected .

Phase I inspections are not intended to provide detailed
hydrologic arid hydraulic analyses. in accordance with the
established Guidelines , the Spillway Test flood is based
on the estimated “Probable Maximum Flood” for the region
(greatest reasonably possible storm runoff), or fractions
thereof. The test flood provides a measure of relative
spillway capacity and serves as an aide in determining
the need for more detailed hydrologic and hydraulic
studies , considering the size of the dam , its general
condition and the downstream damage potential.

(
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PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

NAME OF DAM : MUNSON DAM FED ID# NJ 00118

SECTION 1 - PROJECT INFORMATION

1.1 GENERAL

a. Authority

This report is authorized by the Dam Inspection
Act, Public Law 92-367, and has been prepared
in accordance with Contract FPM-36 between
Louis Berger & Associates, Inc. and the State
of New Jersey and its Department of Environ-
mental Protection , Division of Water
Resources. The State, in turn , is under
agreement with the U.S. Army Engineer District,
Philadelphia , to have this inspection performed.

b. Purpose of Inspection

The purpose of this inspection is to evaluate the
structural and hydraulic condition of the Munson
Dam and appurtenant structures, and to determine
if the dam constitutes a hazard to human life
or property .

1.2 DESCRIPTION OF PROJECT 
-

a. Description of Dam and Appurtenances

Munson Dam is a straight tidal-control gated
structure 195 feet wide built across the Salem

• Canal and is formed by a steel H-pile and sheet
piling double—walled cellular cofferdaxn driven
to El. -19. The top of the 17’ wide structure
is at El. +12.5 with a central 66 foot section
containing twelve 4’ x4 ’  vertical l i f t  sluice
gates whose inverts are at El. +2. The
top of the coffe rdam is capped with a steel
and concrete structural system of access walks,
ramps and working platforms for the operation
of the lif t gates , three of which are motor-
operated (the remaining nine are equipped with

V V
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floorstands for auxiliary power equipment
operation) . The 66 foot gate section is
faced with a 12-inch rein forced concrete wall
and contains an inclined trash rack over an
18-inch thick concrete apron . The remai nder
of the cellular cofferd am is filled with earth .
There are in-take houses , pumps and steamline
plumbing facilities situated at each end of
the dam. This dam, together with Brown Dam
which is located some 2 miles to the east on
the Salem VRi ver , comprise the Dupont salt-
water tidal protection for their freshwater
plant supply.

b. Location

Munson Dam is located on the Salem Canal just
to the north of the east abutment of the
Delaware Memorial Bridge (Routes 40 and 1—295)
within the Chambers Work s property of the
E.I. Dupont de Nemours Company and is 1,000
feet from the east bank of the Delaware Rive r
at Deepwater in Pennsvi lle Township , Salem
County , New Jersey .

c. Size Classification

The maximum height of the dam structure is
31.5 feet and the maximum storage is estimated
to be 19, 460 acre—ft . The re fore , the dam is
placed in the intermediate size category as
defined by the Recommended Guidelines for
Safety Inspection of Dams (storage capacity
between 1, 000 and 50,000 acre—feet ) .

d. Hazard Classification

• The dam was initially classified as high
hazard but as a result of the inspection , itsp 
crest elevation in relation to the surrounding
terrain , its position just upstream from the
Delaware River and the fact that all downstream
terrain is on the enclosed plant property
of E.I. Dupont , it is recommended that its
hazard classification be downgraded to low .
In the event of a failure , litt le damage
would be inflicted on downstream property
or endanger human life . This classification
make s no cognizance of the vital function
the dam performs for the plant operationV (see pa ragraph h o f  this section) .
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e. Ownership

Munson Dam is owned and operated by the
E. I .  Dupont de Nemours and Company , Inc .
Chambers Works, Deepwater , New Jersey 08023.

f. Purpose of Darn

The dual purpose of the dam together with the
Brown Dam , is to provide a fresh water
reservoir for power house and chemical plant
supply and to prevent salt water contamination
from entering the supply reservoir due to
tidal inflow from the Delaware River.

g. Design and Construction History

The present dam was originally constructed
by duPont in 1934 adjacent to an existing
water intake house . The dam was built in
conj unction with the Brown Darn (roughly 2
miles upstream) to prevent brackish water
intrusion into the freshwater intake supply
of the Chambers Works powerhouse . The dam
has undergone a series of structural
modifications since its initial construction ,
the most recent being the installation of the
three power—operated and nine manually—operated
Chapman sluice gates (in 1956) and the installa-
tion of an electrical alarm system with tidal
limit switches and recording tide indicators
(in 1958) . In 1952 , the walkway sections
on each side of the gates were raised to V

El. +12.5 by steel flashboards welded onto
channel kickplates along the access plat-
forms.

it . Normal Operating Procedures

The extensive chemical plant facilities of
the Chambers Work s is completely dependent
upon an adequate freshwater supply for their
in-plant powerhouse which is located just
to the south of the Delaware Memorial Bridge .
The supply must be kept free uf salt so the
dam’s primary function is that of a tidal
gate . The reservoir above the dam impounds
the plant’s overall supply (along with numerous

V 
— .
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( injection wel ls).  An adequate storage capacity
must be maintained as the plant must close down
if the reserve gets too low. The gates are
manned on a 24-hour basis and adjusted as
required to maintain prescribed reservoir
levels (+4.8 in summer and + 4 . 3  in winter) .
Additionally ,  a small mandatory discharge is
required to be released .

1.3 PERI’INENT DATA

a. Drainage Area

The drainage area of Munson Dam is 60 .0 square
miles.

b. Discharge of Dam Site

The total gateway capacity with the reservoir
at the abutment top elevation is calculated
to be approximately 2,030 cfs. This is based
upon the condition of the flashboards at Brown

• Dam being closed. No definitive discharge
records are available at this site for
upstream record floods .

c. Elevation (Above M.S.L.)

Top of dam - 12.5
Normal pool - 4.8 (max.)
Streambed at center line of dam — 4+

d. Reservoir

Length of normal pool - 5 ,000 feet
Length of maximum pool - 38,000 feet

e. Combined Storage (Munson and Brown)
V Normal — 1, 100 acre—ft .

Top of dam - 19 , 460 acre -ft .

f .  Reservoir Surface (Munson and Brown)

Top of dam - 4 ,149 acre s
Normal pool — 171 acres

L 
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( g. Dam

Type - Gated tidal control structure
(steel cellular cofferd am) .

Length — 195 feet

Height - 31.5 feet

Freeboard between normal reservoir and top
of dam - 7.7 feet

Top width - 17 feet

h. Diversion and Regulating Tunnel

None

i. Spiliway

None

j .  Regulating Outlets

1) Twelve 4x4 vertical lift sluice gates
(m v. +2.0)

2) One 4x4 gate on 48” C.l.  Pipe (m v. -4.5)

~~
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SECTION 2 - ENGINEERING DATA

2.1 DESIGN

The information available for review of the
Munson Dam consisted of the following design
drawings of the Chambers Works Engineering
Department: -

1) W22535: Sheet piling details , dated
May, 1933.

2) W22550 : Concrete Gateway Structure , May 1933.

3) DW 5732: Walkway Details, Nov. 1945

4) DW 8261: Ramp and Walkway Repairs, 1952
• 

- V 5) DW 10927: Sluice Gate Modifications, 1956

6) DW 12391: Electrical Alarm System, 1958
• No design computations or structural analyses were

available for review. Further, an extensive search
of the records of the State Division of Water
Resources revealed nothing on file of a technical
nature to aid in a design evaluation.

• 2.2 CONSTRUCTION 
-

Little information was obtained regarding the actual
• construction as no as—built plans were available.

From the various revisions indicated on the
design plans, the initial work was substantially
completed in 1933-34. There are no apparent major

- -- 
- structural modifications except the installation

of new Chapman Company gates in 1956 .

2.3 OPERATION •

The dam is continuously operated as a gated facility
by engineering personnel of the Chamber Works who
control the outflow and maintain the established
pool elevation . Releases are normally made through
the three power-operated sluices to maintain the
reservoir elevation and the statutory minimum out—

• 
• fall. The gates are closed during periods of high

tide to exclude salt water contamination.

0 -6-
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2.4 EVALUATION

a. Avai lability -

Sufficient engineering data is available to
assess the structural stability. No data
was available to base an assessment of
safety in regard to the embankment zones
immediately behind each abutment but these
areas are of minor importance and are
thought to be stable.

b. Adequacy

The field inspection and review of the avail-
able design plans reveal that the dam is
structurally sound and well—built. It is
believed that the available data is sufficiently
adequate to render the following assessment.

c. Validity

The validity of the engineering data available
is not challenged and is accepted without
recourse to further investigations.



( SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

a. General

The visual inspections were held on January 10
and February 22, 1979 and revealed the dam
in satisfactory operational condition. All
elements are in true alignment with no
noticeable differential settlement. Due to
internal plant security, no close-up photo-
graphs were permitted but as only the upper
platform superstructure is visible, this had
little bearing on the degree of inspection
afforded .

b. Darn

The double rows of cellular steel sheeting
piling , hardware and structural steel walk-
ways , support systems and railings show little
signs of serious deterioration. The Larrsen
steel sheeting and lOB4 piles at the intake
lip immediately behind the gate inverts
(El. +2.0) are driven to a minimum eiVevation
of -19 and are connected transversely at 6’-6”
centers with 1½” tierods. The 5-foot wide
spillover area is filled with concrete ballast
and an 18-inch reinforced slab is poured
between the main cofferdam walls at elevation
+2. There are 12-inch reinforced concrete
buttresses at the quarter-points of the 66-
foot wide sluice gate opening and the vertical
barrier (to which the gates are mounted)
is also a 12 inch thick reinforced concrete
wall.

The only major modification (insofar as the
inspection is concerned) was the 1952 raising
of the effective dam crest to elevation 12.5
by the installation of steel flashboards
along the top of the kickplates on the access
walkways .

c.  Appurtenant Stru cture s

The twelve eluiceway openings contain 4’x4’ steel
flanged bronze-mounted Chapman rising stem gates

-8-
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with floor stands . Three are motor-operated
while the remaining nine are fitted with
adaptors so they can be electrically operated
with portable motorized V

VequiPment (such as
pipe-threading machines). These gates were
installed in 1956 as a replacement for earlier
flapper-type gates which were mounted on the
upstream side of the concrete wall. The gates
are protected from freezing by steam lines.
The three electrically—operated gates on the
north end are equipped with limit switches and
alarms which are wired back into the plant
power office and filter building. The alarm
system includes exterior warning lights and
horns which sound if the tide elevation or
established reservoir elevations are exceeded.
Dupont also maintains a continuous recording
device which records water elevations.
Nine foot high inclined trash rack s are
positioned in front of the sluice gate section
over its entire length. The racks are braced
with a transverse steel beam which frames

• between the concrete buttress walls in the
spillway opening .

d. Reservoir Area

Upstream from the dam the Salem Canal extends
approximately 1.8 miles easterly to its
intersection with the natural channel of
the Salem River (in the vicinity of Brown Dam).
The canal averages between 150 and 200 feet in
width and is crossed by 1) an old railroad
bridge 3,000 feet upstream 2) the Routes 49 and
130 bridge leading north into Deepwater and
3) three bridges of the 1—295-Turnpike interchange .

• All bridges have sufficient hydraulic capacity and
headroom to accommodate normal floods although
the railroad bridge could prove somewhat of a
constriction if blocked by debris (see photographs).
The canal is clear of flotsam and has relatively
steep sideslopes. In some areas the existing
embankment is slightly below the dam crest
elevation .

—9—
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e • Downstream Channel

The canal below the dam is slightly wider
and extends roughly 1,OGO. feet to its confluence
with the Delaware River. It is crossed by
a utility bridge immediately below the dam
but is free of other obstructions. The
surrounding terrain beyond the canal embank-
ments is at or slightly lower than the dam
crest.

/~ -~“
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( SECTION 4 - OPERATIONAL PROCEDURE

4.1 PROCEDURES

The darn is operated by engineering personnel of
the Chambers Works staff who maintain 24-hour
surveillance of the sluice gates and tidal
recording and alarm devices. In general , the
canal is pu rged twice daily during periods of
low tide to maintain the reservoir pool at
its established elevation.

4.2 MAINTENANCE OF DAM

Dupont has promulgated exhaustive operating and
maintenance proccedures and in effect ,.has continual
24 hour-a-day inspection and maintenance. Due to
the type of construction , there is little actual

• 
- up-keep required for the steel cofferdám system

except for when major modifications are undertaken.
The upper portions such as walkways and railings

V are carefully maintained because of the constant
• personnel usage.

4.3 MAINTENANCE OF OPERATING FACILITIES

Because of the crucial nature of the tidal control
operation , all equipment is vigilantly maintained
in excellent working condition. The sluice gates
are constantly inspected and repaired on an as-needed

I • 

basis.

4.4 DESCRIPTION OF WARNING SYSTEM

• As previously described , there is an elaborate V

electric/mechanical warning alarm system continually
• activated. All devices are monitored arid reinforced

by Dupont ’s emergency system during periods of flood-
ing or operational breakdown .

4.5 EVALUATION

The present operational and maintenance procedures
are deemed to be adequate in view of the hazard
classification. The Chamber Works engineering

H staff have experienced, well-managed personnel
who diligently pursue the management of the dam
as part of their fresh-water supply system.

I) • —11—
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SECTION 5 - HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES

a. Design Data

Based upon the Recommended Guidelines for
Safety Inspection of Dams, Munson Darn is of
intermediate size and is placed in the low
hazard category . A 100—year frequency event
was selected as the design storm by the
inspecting engineer. Inflow to the reservoir
was calculated using precipitation data from
Technical Paper 40 and NOAA TM NWS Hydro 35
by the HEC-1 computer program , which yielded
a peak inflow of 5,680 cfs. Discharge is
jointly controlled by both the Munson Dam and
Brown Dam (NJ 00117). The discharge capacity V

• used in the routing computation was the
combined values for the two dams. However, it
was assumed that the timber flashboards in
the spillway at Brown Dam were closed for the
following evaluation . Routing reduced the peak
in flow to 1,390 cfs , while the combined spillway
capacities before overtopping of either dam
occurs is approximately 2,030 cfs. Thus,
the design storm is adequately accommodated ,
with a freeboard of approximately 2. 2 feet .

b. Experience Data 
-

There are no streamf low records available for
the Salem River and there is no known instance

• that the dam has been overtopped in the past.
There is a tidal gaging station downstream for

-. - the Delaware River which has recorded tidal
fluctuation of between 5 to 8 feet with a
maximum recorded height of +8.5 in 1950. It is
reported that hurricane Hazel (in 1954) reached
a crest of El. 11 at Brown Dam.

c. Visual Observations
V 

It was noted by the inspection team that
considerable portions of the surrounding
plant and residential areas in Deepwater and
sections of the canal embankment are at or

I~ight1y below the top of dam elevation.
Hence, any flooding which approached this

C’
-12- 
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( design storm crest would be spilling over . 
•

into large areas of the surrounding terrain.
The topography of the entire immediate area
is extremely flat (as evidenced by the ratio
of storage areas between the normal and flood
pool capacities).

d. Overtopping Potential

As there are no •records of the dam being
overtopped by upland flooding and the fact
that the spillway can accommodate the design
flood , there is little potential for over—
topping. The top of Brown Dam is 0.5 foot
higher than Munson Dam reflecting its more
exposed position to open seas storm and wind
conditions from the south.

e. Drawdown Potential

Drawdown of the reservoir can only be accom—
plished at Munson Darn as the Brown Dam has

• no low-water gates. Due to the continual
large variations in the tidal tailwater 

fl

conditions, no meaningful estimate of time
can be made.

(
~ -13- 
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION • - .

a. Visual Observations

Although the main structural elements are
45 years old , Munson Dam is in a good to
excellent overall condition reflecting the
continued high caliber of maintenance it
receives. The interlocked steel sheeting
remains in true alignment and the exposed
surfaces show little evidences of excessive
oxidation (indicating a good grade of marine
structural steel). The concrete within
the gated section appears to be in satisfactory
condition although only the upper portions are
visible . The dam abutments are substantially
keyed into the man—made channel banks and are
well protected by steel sheeting . The super-
structure walkways, ramps and railings are
well—maintained , painted and in good alignment.

b. Design arid Construction Data

The available design plans furnished by Dupont
indicate the major details of construction.
It is unknown exactly what earlier construction
existed at the site but this is unimportant as
all major structural elements in the foundation
cofferdam were installed in the 1933 rebuilding
of the present substructure. No design informa-
tion was available regarding assumptions made or
allowable stresses employed . However, a cursory
review of the structural system indicates that

• it is very conservatively designed , especially
in view of the limited scour potential on the
upstream face and the low height to width ratio.

V 
The H-piling and sheeting system is driven
into stratified alluvial material of the Cape
May , Pennsuaken and Bridgeton formations of
silts and sands underlaid by deeper marine

• deposits. From records of the adjacent
Delaware River Bridge crossing, the depth to
rock is judged to be greater than 120 feet in
the vicinity of the dam.

~~~
(_ 
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( c. Operating Records

The dam has performed satisfactorily under all
conditions since its installation and there is
little basis to question the conservatism of
the ori ginal design. Stability conditions and
stresses in the cofferdam system are not
critical under the most adverse conditions
encountered. As previously stated , the Chamber
Work s Engineering Department maintains close
supervision of the dam and has complete
operating records.

d. Post Construction Changes

There have been numerous modifications to
the operational facilities (gate replacement,
catway reconstruction etc.) but none affect
the overall structural safety of the dam under
the context of this inspection report.

e . Seismic Stability 
V

The dam is located in Seismic Zone 1 and due to
this and its low height, has negligible potential
vulnerability to seismic loadings. Experience
indicates dams in Zone 1 will have adequate

• stability under dynamic loading conditions if
stable under static loading conditions. 

-
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V ( SECTION 7 - ASSESSMENTS/RECOMMENDATIONS !
PROPOSED REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety

Munson Dam is assessed to be in an adequate
structural and hydraulic condition. The com-
bined spillway capacities of this dam and
Brown Dam can accommodate a 100-year frequency
design flood and there is lit tle likelihood
that the darn could be endangered by overtopping
from upland flows. There is minimal downstream
hazard should the spillway structure collapse
and consequently, the dam is recommended to be
downgraded to a low hazard category . No
detrimental findi~js were revealed in thisinspection to render a questionable judgement
as to the good overall condition of the dam.

b. Adequacy of Information

The information gathered for the Phase I
inspection is deemed to be adequate regarding
the safe operation and structural stability
of the dam.

c. Urgency 
V

No urgency is attached to the findings of this
• report.

d. Necessity for Further Study

Additional inspections are believed to be
unnecessary as the dam does not constitute
a hazard to human life or •a danger to down-
stream property.

7.2 RECOMMENDATIONS/REMEDIAL MEASURES

a. Alternatives

None are envisioned in the way of recommendation&
or remedial measures.

C ~ i6~ 
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( b. O&M Maintenance and Procedures

No additional procedures other than those
currently in effect appear to be warranted

- in light of the above assessment.

(V
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CREC}~ L 1ST
- )IYDROLOCIC AND II’y DRIUI,IC ILATA

( F GII *E R ING rwr~\
V 

DRAINACI ~: A~.F.A CI tARACTEI~15TICS : 60 .mi .

ELEVATION TOP ~ijR~tAL POOL (STORAGE CAI’ACITY): +4.3 (1100 acre—feet) 
—

ELEVATION TOP FLOOD CON’rROL POOL (STORAC,E CAPACITY): +12.5 (19460 acre—feet)

ELEVATION ?1AXfl-~UM DESIGN POOL: + 4.8 
- ____-—____

ELEVATION ‘~OP rAA}1: + 12.5 (~~~creth walkL — — V  ——
CkEST: -—

~~~~~~~

-• a. Eh~vation 
+12.5

b • ~ ype Broad-crested weir
c. ~J~dth 

_________________________________________________________________—
d. Length. 195’
e. Location Spillove r Entire dam crest_
f. I~&irnber and Type of Gat es —

OUTLET WOR}.S : 12 slui~~gates —

a. Type 4 x 4 ~~rtioa1 lift s1ui~~gates
b. Location. Center ot dam
c. Entrance inverts + ~~n —

ci. E>51t i nverts + 20 —

e. En~ergency dr aindown faci l it ies  1—48” ~ sluicEway (—4.5 invert~ -

HTRRO~~TEO~OLOG1CAL GAGES : Ncr~e at dam 
—

a. Type -

b. Location _____________________________________________________-
c. Records ____________________ __________________________________

MAZDtUN NON-flA)t&GING DISCHARGE! 2030 CFS (gate capacity)

- - —• V - V

~; 
~~~~~~~~ V
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______________• ±~- - -- - - 
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